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(54) Porous ceramic material and processes for preparing same 

(57) A porous ceramic material is composed of a sintered porous body of a calcium P h ^P h ate 
compound with a multiplicity of capillary void paths having a d.ameter of 1 to 30 ^ and a mul p hc.ty 
of pores having a size of 1 to 600 M m where at least part of the pores are connected to the exter.or 
space of the sintered porous body through at least a part of the capillary vo.ds. The porous cewmic 
material is valuable as a medical material, e.g., a substitute or prosthes.s for bone or dental root, and 
also an electronic material and a genetic engineering material. 

When the porous ceramic material is embedded in a bone defect of human or animals osteolytic 
cells, osteoblasts, erythrocytes and body fluid are selectively allowed to intrude through the .porous 
ceramic material while almost no intrusion of osteoclasts and collagen fibers is allowed. Accordingly 
the porous ceramic material can be utilized for inducing new-born bone, controlling resorption of bone 
with age, and remedying bone defects. 
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SPECIFICATION 

Porous ceramic material and processes for 
preparing same 

5 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a porous 
ceramic material and a process for the prepa- 

1 0 ration thereof. More particularly, it relates to a 
porous ceramic material having a multiplicity 
of pores having a specific size and a multipli- 
city of capillary void paths having a specific 
size and connecting the pores to the exterior 

1 5 space of the porous ceramic material, which is 
valuable as a material for regeneration of bone 
and other medical purposes and also an elec- 
tronic material or a genetic engineering ma- 
terial, and processes for the preparation 

20 thereof. It also relates to a method of remedy- 
ing a defect of bone of a human or animal. 

(2) Description of the Prior Art 

A calcium phosphate compound such as 

25 hydroxyapatite or a solid solution thereof has 
a good compatibility with a living body and is 
valuable as a medical material such as an 
osteogenetic material, for example, a substi- 
tute or prosthesis for a bone or dental root. 

30 For example, Japanese Unexamined Patent 
Publication No. 56-54841 discloses a filler for 
a bone defect or antrum, which comprises a 
calcium phosphate compound powder of the 
apatite type crystal structure. 

35 Furthermore, Japanese Unexamined Patent 
Publication No. 56-166843 discloses a filler 
for a bone defect or antrum, which is com- 
posed of a porous body of a calcium phos- 
phate compound. In pores contained in this 

40 porous body of the calcium phosphate com- 
pound, the maximum pore size is 3.00 mm 
and the minimum pore size is 0.05 mm. 
These pores have such a shape and size that 
bone-forming components of a living body 

45 can easily intrude into these pores. This po- 
rous body has a substantially continuous 
three-dimensional network structure. 

These conventional calcium phosphate com- 
pounds have problems in that deformation is 

50 caused with the lapse of time after a surgical 
treatment such as filling or prosthesis or har- 
dening is promoted in the soft contact tissue 
near the filled or embedded portion, whereu- 
pon the resulting abnormal tissue must be 

55 excised. When remedying of a defect of the 
hard tissue of a living body caused by exci- 
sion a bone tumor, bone resorption with age 
or external damage of a bone, it is most 
preferred that natural healing be promoted. 

60 Substitution or prosthesis by an artificial pro- 
duct is not always preferred. When such an 
artificial article is filled in a living body or 
included in a living body by prosthesis, it is 
most preferred that the artificial product be 

65 consumed in the living body in due course 



and the natural living tissue be regenerated 
instead to repair the defect. In this case, it is 
important that the speed of substitution of the 
artificial article by the living tissue (namely, 

70 the turnover speed) should be appropriate. If 
the turnover speed is excessively high, trouble 
such as inflammation is caused in the treated 
portion, resulting in complications, for 
example, development of cancer. In the case 

75 where the turnover speed is low and the 

artificial article is present in a living body for a 
long time, deformation of the bone tissue or 
other living tissues in the treated portion or 
hardening of the soft tissue near the treated 

80 portion is caused, whereupon excision be- 
comes necessary in some cases. 

In order to cope with the foregoing prob- 
lems, it is important that a filler or prosthetic 
material inserted in a living body satisfy the 

85 requirements for induction and substitution of 
the living body tissue at a cell level. More 
specifically, it is important to appropriately 
promote the activation of an osteriolitic cell 
(osteriolysis) and an osteoblast to the living 

90 body tissue, control intrusion and develop- 
ment of an osteoclast and a collagen fiber 
promoting hardening of the soft tissue, and 
also control hardening of the bone tissue and 
not to inhibit intrusion of erythrocytes and 

95 body fluid and development of capillary blood 
vessels. 

In order to satisfy these requirements, it is 
important that a filler or prosthetic material to 
be inserted into a living body have good 

100 compatibility with the living body, especially 
good bioresponsibility, should provide a resi- 
dence propagation space suitable for the acti- 
vation of desired cells, and should prevent 
intrusion of undesirable cells and hardening of 

105 the bone tissue by abnormal development of a 
collagen fiber. 

SUMMARY OF THE INVENTION 

It is a primary object of the present inven- 

1 10 tion to provide a porous ceramic material 

suitable for regeneration of th bone tissue in a 
living body, that is, induction of a new-born 
bone or other medical purposes or valuable as 
an electronic material or a genetic engineering 

1 1 5 material, processes for the preparation therof, 
and a method of remedying a defect of bone 
of a human or animal. 

Other objects and advantages of the present 
invention will be apparent from the follwing 

120 description. 

In one aspect of the present invention, 
there is provided a porous ceramic material 
comprising a sintered porous body of a cal- 
cium phosphate compound, wherein a multi- 

125 plicity of capillary void paths having a dia- 
meter of 1 to 30 jum and a multiplicity of 
pores having a size of 1 to 600 jum are 
formed in the sintered porous body and at 
least part of the pores are connected to the 

1 30 exterior space of the sintered porous body 
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through at least a part of the capillary viod 
paths. The multiplicity of pores may be con- 
nected to one another through a part of the 
capillary void paths. 
5 In another aspect of the present invention, 
there are provided processes for the prepara- 
tion of the above-mentioned porous ceramic 
material. 

One process of the preparation of the po- 
10 rous ceramic material of the present invention 
comprises bubbling 100 parts by weight of 
albumen to form a multiplicity of bubbles 
having a size of 1 to 600 ftm, incorporating 
the bubbled albumen with 30 to 120 parts by 
15 weight of a calcium phosphate compound 
powder, shaping the thus-obtained mixture by 
casting the mixture into a mold havig a de- 
sired size and shape, heating the shaped 
mixture at a temperature of 1 20 to 1 50"C to 

20 harden the albumen, then heating the shaped 
mixture at a temperature of 500 to 700*C to 
carbonize the hardened albumen, and then 
heating the shaped mixture at a temperature 
of 800 to 1 ,350*C in an oxygen-containig 

25 atmosphere to remove the carbonization pro- 
duct by burning and sinter the calcium phos- 
phate compound powder. 

Another process for the preparation of the 
porous ceramic material of the present inven- 

30 tion comprises bubbling 100 parts by weight 
of albumen to form a multiplicity of bubbles 
having a size of 1 to 600 iim, incorporating 
the foamed albumen with 30 to 1 20 parts by 
weight of a calcium phosphate compound 

35 powder and 1 to 5 parts by weight of an 
organic fiber having a length of 1 to 5 mm 
and a diameter of 1 to 30 izm, shaping the 
thus-obtained mixture by casting the mixture 
into a mold having a desired shape and size, 

40 heating the shaped mixture at a temperature 
of 120 to 1 50°C to harden the albumen, 
heating the shaped mixture at a temperature 
of 500 to 700*C to carbonize the hardened 
albumen and organic fiber, and then heating 

45 the shaped mixture at a temperature of 800 
to 1,350°C in an oxygen-containing atmos- 
phere to remove the carbonization product by 
burning and sinter the calcium phosphate 
compound powder. 

50 Still another process for the preparation of 
the porous ceramic material of the present 
invention comprises mixing 20 to 300 parts 
by weight of a sublimable solid substance 
powder having a particle size of 1 to 600 iim 

55 with 100 parts by weight of a calcium phos- 
phate compound powder, press-shaping the 
thus-obtained mixture into a desired shape 
and size, heating the shaped mixture at a 
temperature of 300 to 500°C to remove the 

60 sublimable substance by sublimation, and 
then heating the residual shaped product at a 
temperature of 800 to 1 , 350°C to sinter the 
calcium phosphate compound powder. 
Still another process for the preparation of 

65 the porous ceramic material of the present 



invention comprises incorporating 20 to 300 
parts by weight of a sublimable solid sub- 
stance powder having a particle size of 1 to 
600 tim and 1 to 5 parts by weight of an 
70 organic fiber having a length of 1 to 5 mm 
and a diameter of 1 to 30 iim with 1 00 parts 
by weight of a calcium phosphate compound 
powder, press-shaping the thus-obtained mix- 
ture to a desired shape and size, heating the 
75 shaped mixture at a temperature of 200 to 
800"C to remove the sublimable substance by 
sublimation and carbonize the organic fiber, 
and then heating the shaped mixture at a 
temperature of 800 to 1 ,350'C in an oxygen- 
80 containing atomosphere to remove the carbon- 
ization product by burning and sinter the 
clacium phosphate compound powder. 

Still another process for the preparation of 
the porous ceramic material of the present 
85 invention comprises mixing 25 to 380 parts 
by weight of organic synthetic resin particles 
having a particle size of T to 600 itm with 
1 00 parts by weight of a calcium phosphate 
compound powder, press-shaping the thus- 
90 obtained mixture into a desired shape and 
size, heating the shaped mixture at a tempera- 
ture of 200 to 800'C to remove the organic 
synthetic resin particles by thermal decompo- 
sition, and heating the residual shaped pro- 
95 duct at a temperature of 800 to 1,350 a C in 
an oxygen-containing atmosphere to sinter the 
calcium phosphate compound powder. 

Still another process for the preparation of 
the porous ceramic material of the present 

100 invention comprises incorporating 25 to 380 
parts by weight of organic synthetic resin 
particles haivng a particle size of 1 to 600 tim 
and 1 to 5 parts by weight of an organic fiber 
having a length of 1 to 5 mm and a diameter 

105 of 1 to 30 jam with 100 parts by weight of a 
calcium phosphate compound powder, press- 
shaping the thus-obtained mixture into a de- 
sired shape and size, heating the shaped 
mixture at a temperature of 200 to 800 6 C to 

110 remove the organic synthetic resin by thermal 
decomposition and carbonize the organic 
fiber, and then heating the shaped mixture at 
a temperature of 800 to 1,350°C in an oxy- 
gen-containing atmosphere to remove the car- 

1 1 5 bonization product by burning and sinter the 
calcium phosphate compound powder. 

Still another process for the preparation of 
the porous ceramic material of the present 
invention comprises incorporating 25 to 380 

1 20 parts by weight of organic synthetic resin 

particles having a particle size of 1 to 600 /xm 
and 2 to 5 parts by weight of sublimable solid 
substance particles having a particle size of 1 
to 600 /im with 100 parts by weight of a 

125 calcium phosphate compound powder, press- 
shaping the thus-obtained mixture into a de- 
sired shape and size, heating the shaped 
mixture at a temperature of 200 to 800"C to 
remove the organic synthetic resin particles by 

1 30 thermal decomposition and remove the subli- 
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mable substance particles by sublimation, and 
then heating the residual shaped product at a 
temperature of 800 to 1,350 W C in an oxygen- 
containing atmosphere to sinter the calcium 
5 phosphate compound powder. 

Still another process for the preparation of 
the porous ceramic material of the present 
invention comprises incorporating 25 to 380 
parts by weight of organic synthetic resin 

.10 particles having 1 to 600 /im, 2 to 5 parts by 
weight of sublimable solid substance particles 
having a particles size of 1 to 600 /im and 1 
to 5 parts by weight of an organic fiber 
having a length of 1 to 5 mm and a diameter 

15 of 1 to 30 ftm with 1 00 parts by weight of a 
calcium phosphate compound powder, press- 
shaping the thus-obtained mixture into a de- 
sired shape and size, heating the shaped 
mixture at a temperature of 200 to 800°C to 

20 remove the organic synthetic resin particles by 
thermal decomposition, remove the sublima- 
ble substance particles by sublimation and 
carbonize the organic fiber, and then heating 
the shaped mixture at a temperature of 800 

25 to 1,350°C in an oxygen-containing atmos- 
phere to remove the carbonization product by 
burning and sinter the calcium phosphate 
compound powder. 

In still another aspect of the present inven- 

30 tion, there is provided a method for inducing 
a new-born bone which comprises filling or 
embedding the above-mentioned porous cera- 
mic material in a defect of bone of human or 
animal whereby a new-born bone is induced 

35 while intrusion of collagen fibers and osteo- 
clasts into the porous ceramic material is 
restricted. 

DESCRIPTION OF EMBODIMENTS 

40 The porous ceramic material of the present 
invention is composed of a sintered porous 
body of a calcium phosphate compound. The 
calcium phosphate compound used in the 
present invention comprises as main ingredi- 

45 ents CaHP0 4 , Ca 3 (P0 4 ) ; , Ca 5 (P0 4 ) 3 OH, Ca 4 0(- 
P0 4 ) 2 , Ca 10 (P0 4 ) 6 (0H) 2 , CaP 4 0 n , Ca(P0 3 ) 2 , 
Ca 2 P 207 , and Ca(H 2 P0 4 ) 2 H 2 0 and includes a 
series of compounds called "hydroxyapatiie" . 
Hydroxyapatite comprises as a basic compo- 

50 nent a compound having a composition for- 
mula Ca 5 (PO 4 ) 3 0H or Ca 10 (P0 4 ) 6 (0H) 2 . A part 
of the Ca component may be substituted by 
one or more members selected from Sr, Ba, 
Mg, Fe, Al, Y, La, Na, K and H and a part of 

55 the (P0 4 ) component may be substituted by 
one or more members selected from V0 4 , 
B0 3 , S0 4 , C0 3 and Si0 4 , Moreover, a part of 
the (OH) component may be substituted by 
one or more members selected from F, CI, 0 

60 and C0 3 . The hydroxyapatite may be an ordi- 
nary crystal, or it may be an isomorphorous 
solid solution, a substitutional solid solution or 
an interstitial solid solution. Moreover, the 
hydroxyapatite may contain non-stoichiometric 

65 lattice defects. 



It is ordinarily preferred that the atomic 
ratio of calcium (Ca) to phosphorus (P) in the 
calcium phosphate compound used in the 
present invention be in the range of from 
70 1 .30 to 1 .80, especially from 1 .60 to 1 .67. 
As the calcium phosphate compound used 
in the present invention, tricalcium phosphate 
Ca 3 (P0 4 ) 2 ], hydroxyapatite Ca 5 (P0 4 ) 3 0H], and 
hydroxyapatite Ca 10 (PO 4 ) 6 (OH) 2 ] are preferred. 
75 Those which are synthesized according to the 
sol-gel method and then freeze-dried are espe- 
cially preferred. It is preferred that the calcium 
phosphate compound be one sintered at 800 
to 1,350°C, more preferably at 850 to 
80 1,200°C. 

In the porous ceramic material of the pre- 
sent invention, the calcium phosphate porous 
body may have any shape and size. In the 
interior of the porous body, there are formed 
85 a multiplicity of capiiiary void paths extending 
in a slender elongated form and a multiplicity 
of pores having a size of 1 to 600 /im, 
especially 3 to 300 /im. The diameter of the 
capillary void paths is 1 to 30 microns, prefer- 
90 ably 1 to 20 microns. The pores are con- 
. nected to the exterior space of the porous 
body through at least a part of the multiplicity 
of capillary void paths. Ordinarily, the multipli- 
city of pores are connected to one another 
95 through a part of the capillary void paths. 

It is preferred that the sintered porous body 
have a porosity of 40 to 90%, more prefera- 
bly 60 to 70%. 

It is preferred that the pores in the sintered 
100 porous body should have a shape of a true 
sphere or a similar shape. It also is preferred 
that the pores be uniformly distributed in the 
porous body. These pores provide residence 
spaces for biophysically activating osteolytic 
105 cells and osteoblasts when the ceramic ma- 
terial is embedded in a living body. Osteob- 
lasts and the like tend to stay in these pores, 
especially spherical pores. Accordingly, it is 
indispensable that the pores have a size of 1 
1 10 to 600 fim, preferably 3 to 300 /im. Pores 
having a size outside the range of from 1 to 
600 /im fail to provide good residence spaces 
for the above-mentioned cells. 

If the pores have a shape of a true sphere 
115 or a similar shape, the mechanical strengths 
of the obtained porous material are high. 
Accordingly, when this porous material is em- 
bedded in a living body, it continues to hold 
these high mechanical strengths until it is 
120 turned over to a new-born bone. Thus, frac- 
ture of a bone is prevented during this period. 

The capillary void paths in the sintered 
porous body connect the pores at least to the 
exterior space of the porous body. Osteolytic 
125 cells, osteoblasts, erythrocytes and body fluid 
are allowed to freely penetrate into the porous 
body through these capillary voids, whereby 
development of capillary blood vessels is pro- 
moted. However, since the diameter of the 
130 capillary void paths is 1 to 30 jum, preferably 
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1 to 20 jim, almost no osteoclasts and colla- 
gen fibers are allowed to penetrate into the 
capillary void paths within the porous body, 
whereby abnormal growth of collagen fibers 
5 and hardening of the bone tissue can be 
prevented. Namely, in the porous body of the 
present invention, the capillary void paths 
exert a function of a biofilter. 

If the diameter of the capillary void paths is 

10 smaller than 1 p.rr\, intrusion of osteolytic 
ceils, osteoblasts, erythrocytes and body fluid 
into the porous body becomes difficult. If the 
diameter of the capillary void paths is larger 
than 30 /im, intrusion and growth of osteo- 

1 5 clasts and collagen fibers are allowed and 
therefore, regeneration of the bone is inhi- 
bited, resulting in hardening of the neighbor- 
ing tissue. 

In the porous ceramic material of the pre- 

20 sent invention, the pores in the porous body 
may be connected to one another by a part of 
the multiplicity of capillary voids paths, 
whereby consumption of the porous body and 
regeneration (turnover) of the living body tis- 

25 sue are promoted and resorption of bone with 
age can be controlled. 

The porous ceramic material of the present 
invention can freely be processed easily to a 
shape and size corresponding to a shape and 

30 size of a defect or antrum to be filled or 
embedded. The ceramic material of the pre- 
sent invention may be shaped into granules 
having a size of 0.05 to 5 mm. 

When the porous ceramic material of the 

35 present invention is embedded as a filler or 
prosthetic material, blood, body fluid, osteo- 
lytic cells and osteoblasts penetrate into the 
porous body through the capillary void paths, 
and the porous body is eaten and consumed 

40 by osteolytic cells propagated in the pores. 
Simultaneously, the bone tissue is regene- 
rated by the osteoblasts and so-called turnover 
is performed. Since the capillary void paths 
connecting the pores to the exterior space of 

45 the porous body have a diameter of 1 to 30 
fim, almost no osteoclasts or collagen fibers 
are allowed to penetrate into the capillary void 
paths within the porous body, and therefore, 
abnormal growth and hardening of the colla- 

50 gen fibers can be prevented. Accordingly, the 
soft tissue of the regenerated bone is neither 
destroyed nor hardened by the collagen fibers. 
Therefore, the porous ceramic material of the 
present invention induces new-born bone and 

55 is substituted by normal bone tissue growing 
in a living body. 

A porous ceramic material that can be 
turned over to normal bone tissue in the 
above-mentioned manner is novel. This po- 

60 rous ceramic material has been realized for 
the first time according to the present inven- 
tion. 

The porous ceramic material of the present 
invention can be prepared according to vari- 
65 ous processes. 



A first process for the preparation of the 
porous ceramic material comprises bubbling 
100 parts by weight of albumen to form a 
multiplicity of bubbles having a size of 1 to 
70 600 jtim, mixing the bubbled albumen with 
30 to 1 20 parts by weight of a calcium 
phosphate compound powder, shaping the 
thus-obtained mixture by casting the mixture 
into a mold having a desired shape and size, 
75 heating the shaped mixture at a temperature 
of 1 20 to 1 50*C to harden the albumen, 
heating the shaped mixture at a temperature 
of 500 to 700*C to carbonize the albumen, 
and then heating the shaped mixture at a 
80 temperature of 800 to 1,350"C in an oxygen- 
containing (and, if necessary, moisture-con- 
taining) atmosphere to remove the carboniza- 
tion product by burning and sinter the calcium 
phosphate compound powder. 
85 It is generally preferred that the particle size 
of the calcium phosphate compound powder 
used for the preparation of the porous ceramic 
material of the present invention be 0.05 to 
10 /xm. It is especially preferred that the 
90 calcium phosphate compound powder contain 
a crystalline portion grown in the form of a 
plate and have a particle size distribution, 
determined by a scanning electron microscope 
(SEM) such that no more than 30% of the 
95 particles of the powder have a particle size of 
at least 1 ptm and at least 70% of the 
particles of the powder have a particle size of 
smaller than 1 jzm. 

An optional method may be adopted for 
100 forming bubbles having a desired size in albu- 
men. For example, albumen is whipped by an 
emulsifying mixer, a sample of the bubbled 
albumen is collected on a slide glass by 
passing the slide glass on the liquid surface of 
105 the bubbled albumen and measuring the size 
of foams by a microscope. This operation is 
repeated until the desired size is obtained. 
Then, a predetermined amount of the calcium 
phosphate compound powder is incorporated 
1 1 0 with the foamed albumen and stirring is con- 
ducted. At this step, a small amount of a 
bubble regulating agent, for example, a fatty 
acid such as oleic acid or maleic acid and/or 
an aliphatic alcohol such as isopropyl alcohol 
1 1 5 or isobutyl alcohol may be added. 

The thus-obtained mixture is formed into a 
predetermined shape and size. Shaping 
methods and apparatuses customarily used for 
the production of sintered products may op- 
120 tionally be used. Ordinarily, however, a cast- 
ing method using a mold is adopted. 

The shaped mixture is heated at a tempera- 
ture of 1 20 to 1 50 B C, preferably for 60 to 
120 minutes, to harden the albumen. It is 
1 25 preferred that the relative humidity of the 
heating atmosphere be adjusted to 30 to 
70%, and it also is preferred that the temper- 
ature elevating rate be controlled to 5 to 
IO"C/min. The hardened albumen reinforces 
1 30 the framework of bubbles. 
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Then, the shaped mixture is heated at a 
temperature of 500 to 700°C, preferably for 
1 20 to 1 80 minutes, to carbonize the hard- 
ened albumen. Then, the shaped mixture is 
5 heated at a temperature of 800 to 1,3 50°C, 
preferably 850 to 1,200'C in an oxygen- 
containing atmosphere/for example, air, to 
remove the carbonization product by burning 
and sinter the calcium phosphate compound 
1 0 powder. The oxygen-containing atmosphere 
may contain moisture, if desired. At this step, 
the heating time is ordinarily about 1 to about 
3 hours. 

Gases generated by coagulation and car- 

1 5 bonization of albumen and combustion of the 
carbonization product escape from the interior 
of the porous body to the outside. At this 
time, many capillary void paths are formed 
and pores corresponding to the bubbles in the 

20 whipped albumen are formed. The pores are 
connected to the exterior space of the porous 
body through the capillary void paths, and 
ordinarily, the pores are connected to one 
another through the capillary void paths. 

25 In the above-mentioned preparation pro- 
cess, 1 to 5 parts by weight of an organic 
fiber having a length of 1 to 5 mm and a 
diameter of 1 to 30 jxm can be added to- 
gether with the bubbled albumen to 100 

30 parts of the calcium phosphate compound 
powder. In this case, after the albumen-har- 
dening heating step, the shaped mixture is 
heated at a temperature of 500 to 700°C, 
preferably for 1 20 to 1 80 minutes, to carbon- 

35 ize the albumen and the organic fiber. The 
resulting carbonization product is removed by 
burning at the subsequent sintering heating 
step. 

In this process, the organic fiber has an 

40 effect of ensuring formation of capillary void 
paths having a diameter of 1 to 30 /im. The 
kind of organic fiber used is not particularly 
restricted, so far as it has a length of 1 to 5 
mm and a diameter of 1 to 30 fim and it can 

45 be completely burnt. However, a fiber of an 
animal such as cat, raccoon dog or mouse, 
especially a belly hair fiber, a natural organic 
fiber such as a silk fiber or a cellulose fiber, or 
an organic synthetic fiber such as a polyester, 

50 polypropylene, polyamide or polyacrylic fiber 
is preferably used. 

Another process for the preparation of the 
porous ceramic material of the present inven- 
tion comprises incorporating 20 to 300 parts 

55 by weight of sublimable solid substance par- 
ticles having a particle size of 1 to 600 /xm 
with 1 00 parts by weight of a calcium phos- 
phate compound powder, press-shaping the 
thus-obtained mixture into a desired shape 

60 and size, heating the shaped mixture at a 
temperature of 200 to 800°C to remove the 
sublimable substance by sublimation, and 
heating the residual shaped product at a tem- 
perature of 800 to 1,350°C to sinter the 

65 calcium phosphate compound powder. 



The same calcium phosphate compound 
powder as used in the above-mentioned pro- 
cess is used in this process. The sublimable 
solid substance powder is added to form 

70 pores having a desired size of 1 to 600 fim in 
the porous body. The kind of the sublimable 
substance is not particularly restricted, so far 
as it is easily sublimated at a temperature of 
200 to 800°C without any substantial residue 
75 being left. At least one member selected from 
camphor, menthol and naphthalene is ordinar- 
ily used as the sublimable substance. 

The mixture of the sublimable substance 
powder and the calcium phosphate compound 
80 powder is press-shaped into a desired shape 
and size. The press-shaping method is not 
particularly restricted. Ordinary static pressure 
press-shaping methods such as a rubber press 
method and a CIP method may be adopted. 
85 The resulting shaped mixture is heated at a 
temperature of 200 to 800°C, preferably for 
1 20 to 1 80 minutes, whereby capillary void 
paths connecting pores to the exterior space 
of the porous body and to one another are 
90 formed by sublimation and escape of the fine 
powder of the sublimable substance. 

Then, the residual shaped product is heated 
at 800 to 1 ,350 6 C, preferably 850 to 
1 ,200°C for 1 to 3 hours, to sinter the 
95 calcium phosphate compound powder. 

In this process, by adjusting the shape and 
particle size of the sublimable substance pow- 
der, the shape and size of the pores can be 
controlled more easily than in the process 

1 00 using albumen. 

In the above-mentioned process using the 
sublimable substance powder, 1 to 5 parts by 
weight of an organic fiber having a length of 
1 to 5 mm and a diameter of 1 to 30 may 

1 05 be further added to 1 00 parts by weight of 
the calcium phosphate compound powder. If 
the resulting mixture is heated at a tempera- 
ture of 200 to 800/LtC, preferably for 120 to 
1 80 minutes, the sublimable substance is 

1 10 sublimated and removed and the organic fiber 
mixture is carbonized. Then, the mixture is 
heated at a temperature of 800 to 1,350°C, 
preferably for 1 to 3 hours, in an oxygen- 
containing (and, if necessary, moisture-con- 

1 15 taining) atmosphere, whereby the carboniza- 
tion product is burnt away and the calcium 
phosphate compound powder is sintered. 

In this process, the incorporated organic 
fiber is effective for ensuring formation of 

1 20 capillary void paths having a diameter of 1 to 
30 jum. The same organic fiber as described 
above is used. 

If a volatile lower alcohol such as methanol 
or ethanol is added at the step of incorporat- 

1 25 ing the organic fiber or sublimable substance 
powder into the calcium phosphate the or- 
ganic fiber or sublimable substance powder 
into the calcium phosphate compound pow- 
der, a homogeneous mixture can easily be 

1 30 obtained, the particle size of the sublimable 
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substance powder can be controlled and the 
adhesion between the sublimable substance 
powder and the organic fiber can be im- 
proved, whereby formation of capillary void 
5 paths communicating with the pores can be 
promoted. 

Still another process for the preparation of 
the porous ceramic material of the present 
invention comprises incorporating 25 to 380 

10 parts by weight of organic synthetic resin 
particles having a particle size of 1 to 600 /im 
with 100 parts by weight of a calcium phos- 
phate compound powder, press-shaping the 
thus-obtained mixture into a desired shape 

1 5 and size, heating the shaped mixture at a 
temperature of 200 to 800°C to remove the 
organic synthetic resin particles by thermal 
decomposition, and then heating the residual 
shaped product at a temperature of 800 to 

20 1 ,35G°C to sinter the calcium phosphate com- 
pound powder. 

The organic synthetic resin particles having 
a particle size of 1 to 600 jam, which are used 
in the above process, are effective for forming 

25 pores having a size of 1 to 600 fim in the 
porous body. The kind of organic synthetic 
resin is not particularly restricted, so far as the 
resin is thermally decomposed at a tempera- 
ture of 200 to 400°C and removed from the 

30 porous body. Ordinarily, a thermoplastic syn- 
thetic resin such as polymethyl methacrylate, 
polypropylene or polystyrene is used. Of 
these, polymethyl methacrylate is most pref- 
ferred. Since the organic synthetic resin has 

35 an appropriate rigidity, when particles of the 
organic synthetic resin is mixed with the cal- 
cium phosphate compound powder or the 
resulting mixture is press-shaped, the spheri- 
cal particles are neither deformed nor crum- 

40 bled and therefore, pores having a shape and 
size agreeing precisely with the shape and size 
of the organic synthetic resin particles can be 
formed. 

The mixture of the organic synthetic resin 

45 spherical particles and the calcium phosphate 
compound powder is press-shaped into a de- 
sired shape and size. The shaping method is 
not particularly restricted, and an ordinary 
static pressure press-shaping method such as 

50 a rubber press method or a CI P method may 
be adopted. The resulting shaped mixture is 
heated at a temperature of 200 to 500°C, 
preferably at a temperature of 300 to 350°C 
for 120 to 180 minutes, to remove the or- 

55 ganic synthetic resin particles by thermal de- 
composition, thereby corresponding pores and 
capillary void paths extending from these 
pores are formed. 
Then, the shaped product is heated at a 

60 temperature of 800 to 1,350°C, preferably at 
a temperature of 850 to 1,200°C for 1 to 30 
hours, in an oxygen-containing (and, if neces- 
sary, moisture-containing) atmosphere to sin- 
ter the calcium phosphate compound powder. 

65 Even if there is a thermal decomposition resi- 



due of the organic synthetic resin particles 
present, this residue is burnt and removed at 
the sintering heating step. 

In the process using the organic synthetic 

70 resin particles, 1 to 5 parts by weight of an 
organic fiber having a length of 1 to 5 mm 
and a diameter of 1 to 30 /im may be further 
added to 100 parts by weight of the calcium 
phosphate compound powder. The kind and 

75 effect of the organic fiber are the same as 
described above. 

In the above-mentioned process using or- 
ganic synthetic resin particles, 2 to 5 parts by 
weight of sublimable solid substance panicles 

80 having a particle size of 1 to 600 jum may be 
further added to 100 parts by weight of the 
calcium phosphate compound powder. The 
kind of the sublimable substance is the same 
as described above. In this process, the subli- 

85 mable substance particles have a particle size 
of 1 to 600 /xm and are effective for formation 
of capillary void paths. 

Moreover, in the above-mentioned process 
using organic synthetic resin particles, 2 to 5 

90 parts by weight of an organic fiber having a 
length of 1 to 5 mm and a diameter of 1 to 
30 fim and 2 to 5 parts by weight of sublima- 
ble solid substance particles having a particle 
size of 1 to 600 ptm may be further added 

95 to 100 parts by weight of the calcium phos- 
phate compound powder. The kinds and ef- 
fects of the organic fiber and sublimable solid 
substance particles are the same as described 
above. 

100 The porous ceramic material of the present 
invention has pores having a size of 1 to 600 
jtim, preferably 3 to 300 fim. and capillary 
void paths having a diameter of 1 to 30 /xm, 
preferably 1 to 20 /zm. Since the capillary 

105 void paths function as a biofilter, they control 
intrusion and abnormal development of colla- 
gen fibers, hardening of the bone tissue by 
the catalytic action of collagen fibers and 
intrusion of osteoclasts inhibiting induction of 

1 1 0 new-born bone. Furthermore, hardening of 
collagen fibers by abnormal development 
thereof is prevented and only osteolytic cells, 
osteoblasts, erythrocytes and body fluid are 
selectively allowed to permeate. Moreover, the 

1 1 5 pores having a specific pore size promote the 
activation of osteolytic cells and osteoblasts at 
a cell level. Accordingly, when the porous 
ceramic material of the present invention is 
used, it is possible to promote induction of a 

1 20 new-born bone and turnover of a bone while 
keeping a good compatibility with a living 
body. 

In the porous ceramic material of the pre- 
sent invention, at least part of the pores must 

125 be connected to the exterior space through 
the capillary void paths and at least part of 
the pores are connected to one another 
through the capillary void paths. It is prefer- 
able that all of the pores are connected to the 

1 30 exterior space and to one another through the 
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capillary void paths. In addition, the capillary 
void paths in the porous ceramic body of the 
present invention are very fine paths having a 
diameter to 1 to 30 /im, preferably 1 to 20 
5 /im. Accordingly, induction of new-born bone 
can be accomplished very effectively. More 
specifically, when the porous ceramic material 
is embedded in a certain bone, since the 
diameter of the capillary voids is as small as 1 

10 to 30 jttm, preferably 1 to 20 jim, almost no 
intrusion of collagen fibers into the capillary 
void paths is allowed and hardening of colla- 
gen fibers can be prevented. Only osteolytic 
cells, osterblasts, erythrocytes and body fluid 

1 5 effective for induction of a new-born bone are 
selectively allowed to penetrate through the 
capillary void paths with the result that a very 
soft bone is first formed. This structure gradu- 
ally develops to the outside to effect organiza- 

20 tion of the bone, whereby a structure compris- 
ing the marrow in the central portion and a 
hardened tissue in the pheripheral portion, as 
in case of a natural bone of a human or 
animal is formed. In case of the conventional 

25 apatite porous body, however, since the size 
and shape of pores cannot be controlled and 
the pores allow intrusion of collagen fibers, 
even if new-born bone is induced, the em- 
bedded porous body is hardened by the cata- 

30 lytic action and abnormal development of col- 
lagen fibers, and there is a risk of inflamma- 
tion from a part near the embedded portion or 
generation of a cancer. In case of the porous 
ceramic body of the present invention, for the 

35 reasons set forth above, a structure quite 

similar to that of a natural bone of a human or 
animal, which comprises marrow in the cen- 
tral portion and a tissue having an increased 
bone density in the peripheral portion, can be 

40 produced. This structure is different from a 
structure composed solely of a hardened 
bone, which is formed by the conventional 
apatite porous body, and tough new-born 
bone having the same structure as that of 

45 natural bone can be produced. Namely, when 
the porous ceramic material is embedded in 
existent bone, the porous body of the present 
invention is eaten away and consumed. In- 
stead? new-born bone having the same struc- 

50 ture as that of natural bone is induced and 
tough and flexible bone which is non-toxic for 
a long time is formed. As pointed out herein- 
before, if the porous ceramic body of the 
present invention having the above-mentioned 

55 specific structure is used, a soft bone corre- 
sponding to the marrow is first formed as in 
case of a natural bone. This marrow is orga- 
nized toward the outside and the bone density 
is increased toward the outside, with a result 

60 that soft and flexible bone quite similar to 
natural bone of human or animals is formed. 

The porous ceramic material of the present 
invention having capillary void paths and 
pores can be used not only as a biological 
65 integrated circuits (IC) or large-scale integrated 



material as described above but also as an 
electronic material for circuits (LSI) and an 
intermediate material for genetic engineering. 
When the porous ceramic material is filled 

70 or embedded in a defect of bone of human or 
animals, it functions as a biofilter, namely, 
osteolylic cells, osteoblasts, erythrocytes and 
body fluid are selectively allowed to intrude 
through the porous ceramic mateiral while 

75 almost no intrusion of osteoclasts and collo- 
gen fibers is allowed. Thus, new-born bone 
having the same structure as that of natural 
bone of human or animals is formed. Accord- 
ingly, the porous ceramic material can be 

80 utilized for inducing new-born, or, controlling 
resoption of bone with age, and thus, is 
useful for remedying bone defects. 

The present invention will be further de- 
scribed by the following examples. 

85 

Example 1 

A mixture of 100 g albumen and 3 g of 
oleic acid was whipped by an emulsifying 
mixer. A slide glass was somefmes passed on 
90 the liquid surface to effect sampling. The 
sample was observed by a microscope. 
Whipping was continued in this manner until 
the minimum size of bubbles of the albumen 
was 3 /xm. To the bubbled albumen was 
95 added 90 g of synthetic hydroxyapatite Ca- 
5 (PO A ) 3 OH, Ca/P atomic ratio = 1.67, parti- 
cle size = 0.05 to 10 jum]. The mixture was 
shaped by casting it into a mold. The shaped 
mixture was heated to 1 50*C at a tempera- 

100 ture elevating rate of IO°C/min in an atmos- 
phere having a relative humidity of 30%. The 
shaped mixture was maintained at this tem- 
perature for 180 minutes to harden the albu- 
men and construct a framework of the 

105 bubbles. Then, the shaped mixture was 

heated at 500°C for 120 minutes to carbonize 
the hardened albumen. Finally, the shaped 
mixture was heated at 1,000"C in air for 60 
minutes to sinter the hydroxyapatite powder. 

1 1 0 The obtained porous body has a porosity of 
76%. When the porous body was examined 
by a microscope, it was found that there were 
present many pores having a size of 10 to 
500 jam and many capillary void paths having 

115a diameter of 1 2 pirn. The pores were con- 
nected to the exterior space and to one 
another through the capillary void paths. 

A cubic sample having a size of 1 cm X 1 
cm X 1 cm was cut out from the porous 

1 20 body and the uniaxial compression strength 
was measured. It was found that the uniaxial 
compression strength was 12 kg/cm 2 . 

Example 2 

125 The procedures of Example 1 were repeated 
except that 5 g of a polypropylene fiber 
(length = 5 to 1 0 /xm diameter = 3 to 10 
/im) was further added at the albumen whipp- 
ing step. The obtained porous body had pores 

1 30 and capillary void paths similar to those of the 
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porous body obtained in Example 1, and 
many capillary void paths having a diameter 
of 5 to 10 tim were observed. 
The uniaxial compression strength of the 
5 porous body was 10 kg/cm 2 . 

Example 3 

Commercially available camphor according 
to the Japanese Pharmacopeia was pulverized 

10 and particles having a particle size of 1 to 
600 ixm were collected by sieving. Then, 40 
g of powdery hydroxyapatite (the same as 
described in Example 1) was homogeneously 
mixed with the camphor particles. The mixture 

1 5 was pressed under a static pressure of 2 
kg/cm 2 by a rubber press-shaping machine 
and allowed to stand for about 10 minutes. 
The shaped mixture was heated at 350*C for 
180 minutes and then heated at 1,000'C for 

20 60 minutes in air. 

The obtained porous shaped article had a 
porosity of 77% and a uniaxial compression 
strength of 30 kg/cm 2 . The porous body had 
many pores having a size of 100 to 500 itm 

25 (300 /xm on the average) and many capillary 
void paths having a diameter of 1 to 30 /xm. 

Example 4 

The procedures of Example 3 were repeated 
30 except that 5 g of the same polypropylene 
fiber as described in Example 2 was further 
added. After heating at 350"C, the shaped 
mixture was further heated at 500'C for 1 20 
minutes to carbonize the fitter. 
35 Among capillary void paths formed in the 
obtained porous body, there were observed 
many capillary void paths having a diameter 
of about 5 to about 1 0 iim. 
The obtained porous body has a porosity of 
40 68% and a uniaxial compression strength of 
28 kg/cm 2 . 

Example 5 
60 g of polymethyl methacrylate particles 

45 having a shape of a true sphere (particle size 
= 30 to 300 /im, average particle size of 
about 100 jum), 50 g of hydroxyapatite par- 
ticles (the same as described in Example 1) 
and a small amount of methyl alcohol were 

50 homogeneously mixed under heating. 

Just before sufficient drying, the mixture 
was pressed under a static pressure of 2 
kg/cm 2 for about 10 minutes by a rubber 
press-shaping machine. The shaped mixture 

55 was heated at 350*C for 180 minutes to 
thermally decompose the polymethyl metha- 
crylate particles, and then the shaped product 
was heated at 1,000'C in air for 1 hour. 
The obtained sintered porous body had a 

60 porosity of 70% and a uniaxial compression 
strength of 80 kg/cm 2 . The porous body had 
many pores of a truly spherical shape having 
a size of 30 to 300 /im and many capillary 
void paths having a diameter of 2 to 10 jLim. 

65 



Example 6 

The procedures of Example 5 were repeated 
except that 2 g of a disinfected and degreased 
belly hair of a cat (frozen cat belly hair cut by 

70 a crystat and dried; diameter = 2 to 10 /urn, 
length = about 5 to about 10 mm) was 
further added to the mixture of the polymethyl 
methacrylate particles and hydroxyapatite 
powder. After heating at 350"C, the shaped 

75 mixture was heated at 750*C for 120 minutes 
to carbonize the cat hair. 

The obtained porous body had a porosity of 
73% and a uniaxial compression strength of 
90 kg/cm 2 . Spherical pores and capillary void 

80 paths similar to those of the porous body of 
Exampl 5 were observed. Furthermore, forma- 
tion of many capillary void paths having a 
diameter of 2 to 10 ixm was confirmed. 

85 Example 7 

The procedures of Example 5 were repeated 
except that 3 g of camphor powder having a 
particle size of 1 to 600 /xm was further 
added to the mixture of the polymethyl meth- 
90 acrylate particles and hydroxyapatite powder, 
the mixture was press-shaped by a rubber 
press-shaping machine before complete drying 
and after heating at 350"C, and the shaped 
mixture was further heated at 500'C for 1 20 
95 minutes to remove camphor by sublimation. 
The obtained sintered porous body had a 
porosity of 65% and a uniaxial compression 
strength of 160 kg/cm 2 . 
The porous body had spherical pores and 
1 00 capillary void paths similar to those of the 
porous body obtained in Example 5. 

Example 8 

The procedures of Example 5 were repeated 
105 except that 2 g of the same cat hair as 

described in Example 6 and 3 g of the same 
camphor powder as described in Example 7 
were further added to the mixture of the 
polymethyl methacrylate particles and hydrox- 
1 1 0 yapatite powder, methyl alcohol was kneaded 
with the mixture, the mixture was shaped by a 
rubber press-shaping machine. After heating 
at 350*C, the shaped mixture was further 
heated at 750*C for 1 20 minutes to carbonize 
115 the cat hair and remove camphor by sublima- 
tion. 

The obtained sintered porous body had a 
porosity of 76% and a high compression 
strength of 1 10 kg /cm 2 . 

1 20 In the porous body, spherical pores and 
capillary void paths similar to those of the 
porous body of Example 5 were formed, and 
it was found that among these void paths, 
many capillary void paths having a diameter 

125 of 2 to 10 jum were presented. 

Example 9 

Columns having a diameter of 0.5 cm and 
a length of 1 cm were cut out from the 
1 30 porous bodies obtained in Examples 1 



9 



GB2 142919A 



9 



through 8. They were filled in defects formed 
by surgical treatment on thigh bones of bea- 
gle dogs. After 2 weeks passed from the 
embedment, incision and observation were 
5 performed. In each case, prominent induction 
of a new-born bone was observed in the 
spherical pores. After a lapse of 2 to 3 
months, development of new-born bone from 
the peripheral portion of the porous body to 
10 the interior thereof was observed. It was con- 
firmed that so-called turnover was favorably 
advanced without abnormal growth of colla- 
gen fibers or hardening of the tissue. 

1 5 Example 10 

60 g of polymethyl methacrylate particles of 
a shape of a true sphere (particle size = 
30 — 300 jim, average particle size = about 
100 /im), 50 g of hydroxyapatite particles 

20 Ca 5 (P0 4 )OH, Ca/P atomic ratio = 1.67, par- 
ticle size = 0.05 — 10 /zm], 3 g of a cam- 
phor powder having a particle size of 300 /im, 
a fiber obtained by cutting a disinfected, de- 
greased and frozen belly hair of a cat, which 

25 had a diameter of 2 to 10 /im and a length of 
5 to 10 /im, and a small amount of methyl 
alcohol were homogeneously mixed together 
under heating. Before sufficient drying, the 
mixture was shaped under a static pressure of 

30 2 kg/cm 2 for 10 minutes by using a rubber 
press. The shaped mixture was heated at 
350°C for 1 80 minutes to thermally decom- 
pose the polymethyl methacrylate articles and 
then heated at 1,000"C for 1 hour. 

35 The obtained sintered porous body had a 
porosity of 73% and a uniaxial compression 
strength of 1 10 kg/cm 2 . It included therein 
many truly spherical pores having a size of 30 
to 300 /im and many capillary void paths 

40 having a diameter of 2 to 10 /im. 

Columns having a diameter of 0.5 cm and 
a length of 1 cm were cut out from the so- 
obtained porous body. They were filled in 
defects formed by surgical treatment on a 

45 thigh bone of a beagle dog. After 2 weeks 
passed from the embedment, incision and 
observation were performed. Prominent induc- 
tion of new-born bone was observed in the 
truly spherical pores. After a lapse of 2 to 3 

50 months, development of new-born bone from 
the peripheral portion of the porous body to 
the interior space thereof was observed. It 
was confirmed that so-called turnover was 
favorably advanced without abnormal growth 

55 of collagen fibers or hardening of the tissue. 
From the results of optical microscope ob- 
servation, it was confirmed that osteolytic 
cells and osteoblasts selectively intruded and 
they were present in the pores of the porous 
60 body according to the method of the present 
invention. 

CLAIMS 

1 . A porous ceramic material comprising a 
65 sintered porous body of a calcium phosphate 



compound, wherein a multiplicity of capillary 
void paths having a diameter of 1 to 30 /im 
and a multiplicity of pores having a size of 1 
to 600 j*m are formed in the sintered porous 
70 body and at least part of said pores are 

connected to the exterior space of the sintered 
porous body through at least a part of said 
capillary void paths. 

2. A ceramic material according to claim 1, 
75 wherein the atomic ratio of calcium to phos- 
phorus in the calcium phosphate compound is 
in the range of from .1 .30 to 1 .80. 

3. A ceramic material according to claim 1, 
wherein the calcium phosphate compound is 

80 hydroxyapatite. 

4. A ceramic material according to claim 1, 
wherein the size of said pores is in the range 
of from 3 to 300 microns. 

5. A ceramic material according to claim 1, 
85 wherein the diameter of the capillary void 

paths is in the range of from 1 to 20 microns. 

6. A ceramic material according to claim 1, 
wherein the porous body has a porosity of 40 
to 90%. 

90 7. A ceramic material according to claim 1, 
wherein said pores are connected to one 
another through a part of said capillary void 
paths. 

8. A process for the preparation of a porous 
95 ceramic material, which comprises the steps 

of: 

bubbling 1 00 parts by weight of albumen 
to form a multiplicity of bubbles having a size 
of 1 to 600 /an; 
100 incorporating the bubbled albumen with 30 
to 1 20 parts by weight of a calcium phos- 
phate compound powder; 

shaping the thus-obtained mixture by cast- 
ing the mixture into a mold having a desired 
105 size and shape; 

heating the shaped mixture at a tempera- 
ture of 1 20 to 1 50°C to harden the albumen; 

heating then the shaped mixture at a tem- 
perature of 500 to 700"C to carbonize the 
1 10 hardened albumen; and then, 

heating the shaped mixture at a tempera- 
ture of 800 to 1,350°C in an oxygen-contain- 
ing atmosphere to remove the carbonization 
product by burning and sinter the calcium 
1 1 5 phosphate compound powder. 

9. A process according to claim 8, wherein 
the step of heating the shaped mixture for the 
hardening of albumen is carried out in $n 
atmosphere having a relative humidity of 30 

120 to 70% at a temperature-elevating rate of 5 to 
10°C/min. 

10. A process according in claim 8, 
wherein the calcium phosphate compound 
powder has a particle size of 0.05 to 10 /im. 

125 1 1 . A process for the preparation of a 

porous ceramic material, which comprises the 
steps of: 

bubbling 100 parts by weight of albumen 
to form a multiplicity of bubbles having a size 
130 of 1 to 600 /im; 
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incorporating the bubbled albumen with 30 
to 1 20 parts by weight of a calcium phso- 
phate compound powder and 1 to 5 parts by 
weight of an organic fiber having a length of 
5 1 to 5 mm and a diameter of 1 to 30 jtm; 

shaping the thus-obtained mixture into a 
desired shape and size, 

heating the shaped mixture at a tempera- 
ture of 1 20 to 1 50°C to harden the albumen; 
1 0 heating then the shaped mixture at a tern- 
perature of 500 to 700"C to carbonize the 
hardened albumen and organic fiber; and 
then, 

heating the shaped mixture at a tempera- 
1 5 ture of 800 to 1 ,350*C in an oxygen-contain- 
ing atmosphere to remove the carbonization 
product by burning and sinter the calcium 
phosphate compound powder. 

1 2. A process according to claim 1 1 , 

20 wherein the organic fiber is at least one mem- 
ber selected from an animal fiber, a silk fiber, 
a cellulose fiber and an organic synthetic 
fiber. 

13. A process for the preparation of a 

25 porous ceramic material, which comprises the 
steps of: 

mixing 20 to 300 parts by weight of subli- 
mable solid substance particles having a parti- 
cle size of 1 to 600 jim with 100 parts by 
30 weight of a calcium phosphate compound 
powder; 

press-shaping the thus-obtained mixture 
into a desired shape and size; 

heating the shaped mixture at a tempera- 
35 ture of 300 to 500°C to remove the sublima- 
ble substance by sublimation; and then, 

heating the residual shaped mixture at a 
temperature of 800 to 1 ,350°C to sinter the 
calcium phosphate compound powder. 
40 14. A process according to claim 1 3, 
wherein the calcium phosphate compound 
powder has a particle size of 0.O5 to 10 lira. 

15. A process according to claim 13, 
wherein the sublimable solid substance is at 
45 least one member selected from camphor, 
menthol and naphthalene. 

1 6. A process for the preparation of a 
porous ceramic material, which comprises the 
steps of: 

50 mixing 20 to 300 parts by weight of subli- 
mable solid substance particles having a parti- 
cle size of 1 to 600 /im and 1 to 5 parts by 
weight of an organic fiber having a length of 
1 to 5 mm and a diameter of 1 to 30 fim with 

55 100 parts by weight of a calcium phosphate 
compound powder; 

press-shaping the thus-obtained mixture 
into a desired shape and size; 

heating the shaped mixture at a tempera- 

60 ture of 200 to 800'C to remove the sublima- 
ble substance by sublimation and carbonize 
the organic fiber; and then, 

heating the shaped mixture at a tempera- 
ture of 800 to 1,350*0 in an oxygen-contain- 

65 ing atmosphere to remove the carbonization 



product by burning and sinter the calcium 
phosphate compound powder. 

. 17. A process according to claim 16, 
wherein the organic fiber is at least one mem- 
70 ber selected from an animal fiber, a silk fiber, 
a cellulose fiber and an organic synthetic 
fiber. 

18. A process for the preparation of a 
porous ceramic material, which comprises the 

75 steps of: 

mixing 25 to 380 parts by weight of or- 
ganic synthetic resin particles having a parti- 
cle size of 1 to 600 jum with 100 parts by 
weight of a calcium phosphate compound 
80 powder; 

press-shaping the thus-obtained mixture 
into a desired shape and size; 

heating the shaped mixture at a tempera- 
ture of 200 to 800*C to remove the organic 
85 synthetic resin particles by thermal decompo- 
sition; and then, 

heating the residual shaped mixture at a 
temperature of 800 to 1,350"C in an oxygen- 
containing atmosphere to sinter the calcium 
90 phosphate compound powder. 

19. A process according to claim 18, 
wherein the calcium phosphate compound 
powder has a particle size of 0.05 to 10 /im. 

20. A process according to claim 18, 

95 wherein the organic synthetic resin particles 
have a particle size of 10 to 300 /im. 

21 . A process according to claim 1 8, 
wherein the organic synthetic resin is at least 
one member selected from polymethyl metha- 

100 crylate, polypropylene and polystyrene. 

22. A process for the preparation of a 
porous ceramic material, which comprises the 
steps of: 

mixing 25 to 380 parts by weight of or- 
105 ganic synthetic resin particles having a parti- 
cle size of 1 to 600 /xm and 1 to 5 parts by 
weight of an organic fiber having a length of 
1 to 5 mm and a diameter of 1 to 30 fim with 
100 parts by weight of a calcium phosphate 
1 1 0 compound powder; 

press-shaping the thus-obtained mixture 
into a desired shape and size; 

heating the shaped mixture at a tempera- 
ture of 200 to 800°C to remove the organic 
1 1 5 synthetic resin by thermal decomposition and 
carbonize the organic fiber; and then, 

heating the shaped mixture at a tempera- 
ture of 800 to 1,350*C in an oxygen-contain- 
ing atmosphere to remove the carbonization 
1 20 product by burning and sinter the calcium 
phosphate compound powder. 

23. A process according to claim 22, 
wherein the organic fiber is at least one mem- 
ber selected from an animal fiber, a silk fiber, 

125 a cellulose fiber and an organic synthetic 
fiber. 

24. A process according to claim 22, 
whrein the organic synthetic resin particles 
have a particle size of 10 to 300 jum. 

1 30 25. A process for the preparation of a 
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porous ceramic material, which comprises the 
steps of: 

mixing 25 to 380 parts by weight of or- 
ganic synthetic resin. particles having a parti- 
5 cle size of 1 to 600 /xm and 2 to 5 parts by 
weight of sublimable solid substance particles 
having a particle size of 1 to 600 /xm with 
100 parts by weight of a calcium phosphate 
compound powder; 
10 press-shaping the thus-obtained mixture 
into a desired shape and size; 

heating the shaped mixture at a tempera- 
ture of 200 to 800°C to remove the organic 
synthetic resin particles by thermal decompo- 
1 5 sition and remove the sublimable substance 
particles by sublimation; and then, 

heating the residual shaped mixture at a 
temperature of 800 to 1,350°C in an oxygen- 
containing atmosphere to sinter the calcium 
20 phosphate compound powder. 

26. A process according to claim 25, 
wherein the sublimable substance is at least 
one member selected from camphor, menthor 
and naphthalene. 
25 27. A process according to claim 25, 
wherein the organic synthetic resin particles 
have a particle size of 10 to 300 /im. 

28. A process for the preparation of a 
porous ceramic material, which comprises the 
30 steps of: 

mixing 25 to 380 parts by weight of or- 
ganic synthetic resin particles having a parti- 
cle size of 1 to 600 /xm. 2 to 5 parts by 
weight of sublimable solid substance particles 
35 having a particle size of 1 to 600 /x and 1 to 
5 parts by weight of an organic fiber having a 
length of 1 to 5 mm and a diameter of 1 to 
30 /xm with 1 00 parts by weight of a calcium 
phosphate compound powder; 
40 press-shaping the thus-obtained mixture 
into a desired shape and size; 

heating the shaped mixture at a tempera- 
ture of 200 to 800*C to remove the organic 
synthetic resin particles by thermal decompo- 
45 sition, carbonize the organic fiber and remove 
the sublimable substance particles by sublima- 
tion; and then, 

heating the shaped mixture at a tempera- 
ture of 800 to 1 ,350*C in an oxygen-contain- 
50 ing atmosphere to remove the carbonization 
product by burning and sinter the calcium 
phosphate compound powder. 

29. A process according to claim 28, 
wherein the organic synthetic particles have a 

55 particle size of 1 0 to 300 /xm. 

30. A method for inducing a new-born 
bone which comprises filling or embedding in 
a defect of a bone of a human or animal, a 
porous ceramic material composed of a sin- 

60 tered porous body of a calcium phosphate 
compound, wherein a multiplicity of capillary 
void paths having a diameter of 1 to 30 /xm 
and a multiplicity of pores having a size of 1 
to 600 /xm are formed in the sintered porous 

65 body and at least part of said pores are 



connected to the exterior space of the sintered 
porous body through at least a part of said 
capillary void paths, whereby a new-born 
bone is induced while intrusion of collagen 
70 fibers and osteoclasts into the porous ceramic 
material is restricted. 

31 . A method according to claim 30, 
wherein the atomic ratio of calcium to phos- 
phorus in the calcium phosphate compound is 

75 in the range of from 1 .30 to 1 .80. 

32. A method according to claim 30, 
wherein the calcium phosphate compound is 
hydroxyapatite. 

33. A method according to claim 30, 

80 wherein the size of said pores is in the range 
of from 3 to 300 microns. 

34. A method according to claim 30, 
wherein the diameter of the capillary void 
paths is in the range of from 1 to 20 microns. 

85 35. A method according to claim 30, 

wherein the porous body has a porosity of 40 
to 90%. 

36. A ceramic material according to claim 
30, wherein said pores are connected to one 

90 another through a part of said capillary void 
paths. 

37. A body of porous ceramic material 
substantially as herein described and exempli- 
fied by any one of Examples 1 to 8 or 10. 

95 38. A process for the preparation of a 
porous ceramic material substantially as 
herein described, and exemplified by any one 
of Examples 1 to 8 or 10. 
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